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Abstract
Background: Medical faculty’s teaching performance is often measured using residents’ feedback, collected by
questionnaires. Researchers extensively studied the psychometric qualities of resulting ratings. However, these
studies rarely consider the number of response categories and its consequences for residents’ ratings of faculty’s
teaching performance. We compared the variability of residents’ ratings measured by five- and seven-point
response scales.
Methods: This retrospective study used teaching performance data from Dutch anaesthesiology residency training
programs. Questionnaires with five- and seven-point response scales from the extensively studied System for
Evaluation of Teaching Qualities (SETQ) collected the ratings. We inspected ratings’ variability by comparing
standard deviations, interquartile ranges, and frequency (percentage) distributions. Relevant statistical tests were
used to test differences in frequency distributions and teaching performance scores.
Results: We examined 3379 residents’ ratings and 480 aggregated faculty scores. Residents used the additional
response categories provided by the seven-point scale – especially those differentiating between positive
performances. Residents’ ratings and aggregated faculty scores showed a more even distribution on the seven-
point scale compared to the five-point scale. Also, the seven-point scale showed a smaller ceiling effect. After
rescaling, the mean scores and (most) standard deviations of ratings from both scales were comparable.
Conclusions: Ratings from the seven-point scale were more evenly distributed and could potentially yield more
nuanced, specific and user-friendly feedback. Still, both scales measured (almost) similar teaching performance
outcomes. In teaching performance practice, residents and faculty members should discuss whether response
scales fit their preferences and goals.
Keywords: Teaching performance, Performance ratings, Response categories, Residents, Faculty, Five-point scale,
Seven-point scale, Variability
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Background
In many residency training programs, faculty’s teaching
performance evaluation is part of continuous efforts to
maintain or enhance teaching quality [1–3]. Often, to
gain insight into the strengths and weaknesses of
faculty’s teaching performance, feedback from residents
is collected using questionnaires [1, 2, 4, 5]. Residents’
feedback informs summative and formative purposes
such as faculty development, promotion, appointment
and remuneration [2, 3, 6]. Therefore, it is crucial that
questionnaires measuring faculty’s teaching performance
are valid, reliable, and fit its practical use.
Researchers well-investigated classic measures of reli-
ability and validity of questionnaires, for example, by cal-
culating Cronbach’s alphas and correlations between
other measures that should be associated theoretically
[4, 7–10]. However, the number of response categories
is an important validity aspect of questionnaires that
these studies rarely consider [4, 7–9, 11]. The number of
response categories might affect residents’ ratings of
faculty’s performance (e.g. means, frequency distribu-
tions) [12–17].
In the setting of teaching performance evaluation, the
purpose of response scales is to measure residents’ per-
ceptions about faculty’s functioning [4, 18, 19]. Residents
usually rate multiple faculty members with whom they
sometimes have long-term and vulnerable relationships
[1, 18–20]. Moreover, response scales must be able to
reflect residents’ perceptions about the performances of
different faculty members. Residents’ that feel too
restricted by the response categories may find the ques-
tionnaire less user-friendly [16, 21] and could be less
willing to rate faculty’s performance. Also, this might
lead to discriminative performance information to be
lost [16, 22]. Faculty members might value the additional
performance information as it is more specific [3, 20, 23]
and can more precisely inform improvement directions.
When determining the optimal number of response
categories, a trade-off arises between maximizing the in-
formation transmission and limiting respondent
demands [15, 24, 25]. A scale that presents too few
response categories fails to discriminate between respon-
dents with different perceptions and yields a reduced
amount of information [24, 25]. Too many response cat-
egories can opaque the meaning of response options,
making it hard for respondents to differentiate between
options [24, 25]. Psychometric qualities usually seem to
increase up to seven response categories [15, 24, 26–28],
which is also how many options most respondents can
differentiate [29].
Various response scale formats have different proper-
ties (e.g. ease of use, preference for expanded interval)
being more or less suitable for a certain measurement
context [15, 25, 28]. Therefore, questionnaire developers
should appraise the appropriateness of the number of
response categories within its specific measurement con-
text, including the population and object under investi-
gation [24, 25, 28].
Most questionnaires evaluating faculty’s teaching per-
formance use five-point Likert scales [4, 9]. Various
studies indicate that five-point response scales do not fit
respondents’ discriminative capacity for subjective mea-
sures like teaching performance [16, 21, 22]. More spe-
cifically, residents are cognitively and verbally skilled and
often experienced with conducting questionnaires – fac-
tors contributing to their ability to differentiate between
more than five gradations of teaching performance [24].
Furthermore, faculty’s teaching performance evaluations
usually show skewness towards the positive scale
spectrum [14]. On a five-point Likert scale, this means
that residents only have two response options to differ-
entiate between good performances.
Literature suggests that seven-point scales reflect resi-
dents’ perceptions of faculty’s teaching performance more
adequately compared to five-point scales, without harming
or even improving psychometric qualities [15, 16, 22, 30].
Switching from five to seven response categories might
benefit residents and teaching faculty. However, given the
summative and formative purposes of teaching perform-
ance feedback, decisions to adjust response scales require
justification. Inspecting the variability of performance rat-
ings can provide insight in how residents use different re-
sponse categories.
Therefore, the purpose of this study was to determine
whether the findings on the statistical properties (utility
and validity) of five- versus seven-point response scales
are replicable in questionnaires used for evaluating
teaching performance in graduate medical education. To
this end, we compared the variability of residents’ ratings
of faculty’s teaching performance using five- and seven-
point response scales. We additionally examined
whether both scales resulted in similar teaching per-
formance outcomes. Based on prior research, we
expected that residents would use the additional — espe-
cially the positive — response categories of the seven-
point scale [14, 16]. Also, we expected no substantial dif-
ferences in ratings’ mean scores and standard deviations
(after rescaling) [12, 13]. This study should be seen as
part of the foundation for continuing research in this
domain, with particular focus on continuously under-
standing and improving the validity, reliability and utility
of teaching performance evaluation questionnaires.
Methods
Study design, setting and population
This retrospective study is part of the ongoing large-scale
evaluation and improvement of teaching performance
conducted among anaesthesiology training programs in
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the Netherlands [18, 19]. The residency training takes
place in both university medical centres and affiliated gen-
eral teaching hospitals. Faculty members train anaesthesi-
ology residents for up to 6 years. The Dutch accrediting
body for residency training programs prescribes that su-
pervisors ask for feedback from their residents. In the
Netherlands, the most widely used system to organise and
collect this feedback is the System for Evaluation of
Teaching Qualities (SETQ), which includes both resident-
and faculty-completed questionnaires to evaluate faculty’s
teaching performance. The SETQ data, which include
both scored evaluations and narrative feedback, are
routinely used for formative purposes to improve fac-
ulty teaching performance [1, 5, 14, 18, 19]. Ethical
approval was waived by the institutional ethical re-
view board of the Academic Medical Center of the
University of Amsterdam.
Instruments
The SETQ was first developed in 2008 to evaluate the
teaching performance of anaesthesiology faculty mem-
bers, followed by speciality-specific SETQ questionnaires
for medical specialties [1], surgical specialities [5], and
obstetrics and gynaecology [31]. SETQ data used in this
study consist of anaesthesiology residents’ ratings of
their faculty.
The original SETQ questionnaire contains 22 core
items capturing five domains of teaching quality, namely:
‘learning climate’, ‘professional attitude towards resi-
dents’, ‘communication of goals’, ‘evaluation of residents’
and ‘feedback’ [18]. Residents answer all items on a five-
point Likert scale (‘totally disagree’, ‘disagree’, ‘neutral’,
‘agree’, and ‘totally agree’). A modernised version of the
SETQ was validated for anaesthesiology training pro-
grams in 2013, resulting in the SETQ smart. The SETQ
smart contains twelve identical core items from the ori-
ginal SETQ (Table 1). Other items were (slightly) ad-
justed or new. Based on input from residents, the SETQ
smart uses a seven-point response scale (‘totally dis-
agree’, ‘somewhat disagree’, ‘disagree’, ‘neutral’, ‘some-
what agree’, ‘agree’, and ‘totally agree’) [19]. In the rest
of this study, we refer to the SETQ and SETQ smart as
the five- and seven-point questionnaire, respectively.
The Additional file 1 presents the templates of both
questionnaires.
Data collection
This study used data from Dutch anaesthesiology training
programs collected between January 2013 and January
2017. Representatives of the training programs could
choose to use the seven-point questionnaire when available.
Data were collected using a password protected online plat-
form, which was developed specifically for facilitating physi-
cians’ performance evaluations. Invitations were emailed to
residents through the platform on the first day of the data
collection period, stressing confidential and anonymous
participation. The emails contained personal passwords en-
abling protected and safe personal login. For each training
program, data collection usually lasted four to 6 weeks, i.e.
one measurement period. Residents could participate in
multiple measurement periods. During measurement pe-
riods residents evaluated one to multiple faculty members.
Up to three reminders were sent to non-responders. Imme-
diately after closure of the data collection period, all teach-
ing faculty members could download their feedback
reports.
Analysis
Residents’ ratings containing more than 50% missing
values were excluded from our dataset, remaining
missing values were imputed using expectation
maximization (EM). Descriptive statistics were used to
summarise the characteristics of residents and their
ratings in the five- and seven-point questionnaire
samples. All analyses were performed using the iden-
tical items of the five- and seven-point questionnaire
(Table 1).
We compared various indicators of variability – stand-
ard deviations, interquartile ranges (IQRs), and fre-
quency (percentage) distributions – of residents’ ratings
and aggregated faculty scores. Aggregated faculty scores
were calculated by aggregating residents’ ratings of a
particular faculty member with three or more ratings –
for reliable domain and overall scores – from one meas-
urement period to the mean [32]. Frequency percentages
were calculated for the response categories presented in
both scales: ‘totally disagree’, ‘neutral’ and ‘totally agree’.
Also, we counted how often residents used the other re-
sponse categories in each questionnaire. Furthermore,
Table 1 Identical five- and seven-point questionnaire items
compared in this study
1. Encourages residents to participate actively in discussions
2. Stimulates residents to bring up problems
3. Motivates residents to study further
4. Stimulates residents to keep up with the literature
5. Prepares well for teaching presentations and talks
6. Listens attentively to residents
7. Is respectful towards residents
8. Is easily approachable during on-calls
9. Evaluates residents’ specialty knowledge regularly
10. Evaluates residents’ analytical abilities regularly
11. Gives corrective feedback to residents
12. Offers suggestions for enhancement
Total score (TS)a
aMean average of the 12 identical items
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we calculated the percentage of ratings above and below
the ‘neutral’ response category for each questionnaire.
Next, to assess whether frequencies (or response cat-
egory percentages) of similar categories and percentages
below and above the ‘neutral’ category were dependent
on the number of response categories, i.e. five and seven,
we performed chi-square tests. For each item, chi-square
tests compared frequencies of the four categories (‘to-
tally disagree’, ‘neutral’, ‘totally agree’, ‘other categories’)
for the five- and seven-point questionnaire. Chi-square
tests were also used to compare the proportions for
scoring on the ‘neutral’ category and below and above
this category (i.e. 2 × 3 contingency table). To assess dif-
ferences in response category percentages and percent-
ages of ratings below and above the ‘neutral’ category,
we conducted post hoc testing using adjusted standar-
dised residuals [33, 34]. To control for multiple compari-
sons, we used the Bonferroni procedure.
To check whether both scales measured the same
teaching performance outcomes, we compared rescaled
means and standard deviations of residents’ ratings and
aggregated faculty scores of the five- and seven-point
questionnaire. For rescaling five-point scale ratings to
match those from the seven-point scale, we used the for-
mula: y = 1.5x – 0.5. In the formula, ‘x’ represents the
original rating of the five-point scale and ‘y’ the trans-
formed score. After rescaling, we performed 13 inde-
pendent samples t-tests on residents’ ratings and
aggregated faculty scores to test differences in the means
of identical items of both questionnaires. We used
Levene’s test to assess whether variances could be as-
sumed equal. We corrected for multiple comparisons
using the Bonferroni procedure.
To adjust for non-random assignment of residents
to the five- and seven-point questionnaires, we re-
peated our independent samples t-tests using a selec-
tion weight. We calculated inverse probability of
selection (response) weights for residents’ ratings and
aggregated faculty scores [35]. This procedure
matches the sample characteristics of both question-
naires by multiplying scores by a calculated weight.
Weights for residents’ ratings were based on the type
of hospital (academic vs non-academic), sex, year of
residency training, and scores on all identical items of
the five- and seven-point questionnaires. For aggre-
gated faculty scores, weights were based on the type
of hospital, the number of residents’ ratings per meas-
urement period, aggregated scores of all indentical
items and the questions measuring faculty’s overall
teaching performance (Additional file 1). Cuttoff
weight values were > 5 and < .2, meaning all residents’
ratings and aggregated faculty scores weighing more
than 5 and less than .2 were assigned a weight of .2
and 5 respectively.
SPSS was used for all analyses (IBM Corp. Released
2016. IBM SPSS Statistics for Windows, Version 24.0.
Armonk, NY: IBM Corp.).
Results
Study participants and description of the samples
In total, data from 44 ratings (1.3% of total) were ex-
cluded from our dataset due to more than 50% missing
values: 36 from the five-point questionnaire and 8 from
the seven-point questionnaire. Table 2 presents a de-
scription of the study participants and ratings of both
questionnaire samples.
Between January 2013 and January 2017, 3379 resi-
dents’ ratings evaluated 327 unique teaching faculty; 102
participated using both questionnaires. On average, resi-
dents provided 7 ratings (median) per measurement
period. Male residents comprised 38 and 41.6% respect-
ively of the five- and seven-point questionnaire sample.
Around 50% of the ratings were from residents in their
first or second year of training. Ratings on both ques-
tionnaires added up to 480 aggregated faculty scores (≥
3 ratings). The median number of ratings per faculty
was 4 and 6 for the five- and seven-point questionnaire,
respectively.
Means, standard deviations and IQRs
Comparisons of means, standard deviations and IQRs
are presented in Table 3. Not rescaled seven-point scale
ratings showed more variability (expressed in standard
deviations and IQRs). IQRs showed that residents used
the end-point of the five-point scale more often. In
addition, the seven-point scale items showed more
spread and room to measure performance change.
Mean differences in residents’ ratings were modest for
item 6 (d = .021, t(2456,67) = 2.95, p = .039), item 11 (d =
.026, t(3377) = 5.36, p < .001), and item 12 (d = .033,
t(3377) = 5.80, p < .001), with Bonferroni corrected p-
values. After applying the calculated weights to the ana-
lysis, independent t-tests showed no mean differences
for residents’ ratings and aggregated faculty scores.
Levene’s test found that equal variances could not be as-
sumed for item 1 (F = 15.7, p = .009), item 4 (F = 24.138,
p < .001), item 7 (F = 56.7, p < .001), item 8 (F = 41.3,
p < .001), item 9 (F = 27.3, p < .001), item 10 (F = 16.5,
p = .008), with Bonferroni corrected p-values. However,
after applying weights, the variances of item 1, 7, and 10
could be assumed equal.
Frequency distributions and scoring proportions
Table 4 shows the frequencies of the response categories
‘totally disagree’, ‘neutral’ and ‘totally agree’ and the pro-
portions of scores below and above the ‘neutral’ for
items of the five- and seven-point questionnaire. Table 4
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depicts which frequency distributions were different at
p < 0.05 for both scales.
Chi-square tests showed that except for item 12, fre-
quencies of the ‘totally agree’ category differed for all
items of both questionnaires. Also, except for item 1, 2,
and 9, frequencies of the ‘neutral’ category differed for
all items of both questionnaires. Differences in frequen-
cies of the category ‘totally disagree’ of item 2, 3, 5, 6, 11
were small or uncertain for both questionnaires.
Concerning the proportion of ratings below the ‘neu-
tral’ category, no substantial differences were found.
However, for item 3, 4, 5, 6, 7, 11, and 12, proportions
Table 2 Characteristics of residents and their ratings using the five-and seven-point questionnaires
Questionnaire 5 pt 7 pt
Number of training programs 10 8
Number of residents 119 206
Number of measurement periods that residents participated ina 150 241
Median number of ratings per resident per measurement period 7 7
Number of ratings 1264 2115
Male residents (%) 38 41.6
Ratings by year of residency training (%)
1 12.4 34.1
2 34.9 17.1
3 12.5 4.4
4 22.9 24.3
≥5 17.3 20.1
Number of faculty 175 254
Number of faculty measurement periodsb 273 354
Median number of ratings per faculty per measurement period 3 5
Number of faculty evaluated by ≥3 residentsc 205 275
Median number of resident ratings (from faculty rated by ≥3 residents) 4 6
a, bA measurement period is a four- to six-week data collection period. Some residents and faculty participated in more than one measurement period from
January 2013 to January 2017
cAggregated faculty scores require three or more residents’ ratings to be reliable
Table 3 Means, standard deviations and IQRs of residents’ ratings and faculty scores of five-and seven-point questionnaire items
Residents’ ratings Aggregated faculty scores
5 pt 7 pt 5 pt 7 pt 5 pt 7 pt 5 pt 7 pt 5 pt 7 pt 5 pt 7 pt
Item M (R) M Δ M SD (R) SD Δ SD IQR IQR M (R) M Δ M SD (R) SD Δ SD IQR IQR
1. 3.98 (5.47) 5.46 .00 .86 (1.29) 1.21 .08a 4.00–5.00 5.00–6.00 3.98 (5.47) 5.49 .02 .59 (.88) .78 .10 3.67–4.33 5.00–6.00
2. 3.95 (5.42) 5.45 .03 .90 (1.35) 1.22 .13 4.00–5.00 5.00–6.00 3.95 (5.43) 4.46 .03 .61 (.92) .79 .13 3.67–4.33 5.00–6.00
3. 3.95 (5.43) 5.44 .01 .90 (1.35) 1.21 .14 4.00–5.00 5.00–6.00 3.94 (5.41) 5.47 .06 .61 (.92) .80 .11 3.67–4.33 5.00–6.00
4. 3.74 (5.12) 5.10 .01 .91 (1.37) 1.23 .14a, b 3.00–4.00 4.00–6.00 3.71 (5.08) 5.14 .06 .61 (.91) .83 .08 3.33–4.13 4.67–5.75
5. 4.00 (5.50) 5.56 .07 .90 (1.35) 1.15 .20 4.00–5.00 5.00–6.00 3.98 (5.47) 5.58 .11 .61 (.91) .79 .12 3.67–4.40 5.17–6.17
6. 4.09 (5.63) 5.78 .15* .95 (1.43) 1.30 .13 4.00–5.00 5.00–7.00 4.13 (5.69) 5.77 .08 .62 (.93) .89 .04 3.75–4.57 5.43–6.40
7. 4.29 (5.93) 6.00 .06 .89 (1.33) 1.21 .12a 4.00–5.00 6.00–7.00 4.35 (6.02) 6.00 .03 .58 (.86) .80 .06 4.00–4.70 5.67–6.60
8. 4.34 (6.00) 6.12 .12 .82 (1.22) 1.16 .07a, b 4.00–5.00 6.00–7.00 4.38 (6.07) 6.12 .06 .51 (.75) .76 .00 4.20–4.75 6.00–6.62
9. 3.97 (5.45) 5.40 .05 .84 (1.26) 1.21 .05a, b 4.00–4.00 5.00–6.00 3.95 (5.42) 5.45 .03 .54 (.82) .80 .01 3.67–4.33 5.00–6.00
10. 3.96 (5.44) 5.41 .02 .85 (1.28) 1.22 .06a 4.00–5.00 5.00–6.00 3.96 (5.44) 5.46 .02 .56 (.85) .80 .05 3.67–4.33 5.00–6.00
11. 4.03 (5.55) 5.76 .21* .79 (1.19) 1.08 .11 4.00–5.00 5.00–6.00 4.06 (5.59) 5.75 .16 .47 (.70) .65 .05 3.80–4.33 5.50–6.62
12. 4.06 (5.59) 5.84 .25* .87 (1.30) 1.14 .15 4.00–5.00 5.00–7.00 4.10 (5.66) 5.84 .18 .54 (.81) .70 .11 3.90–4.40 5.57–6.29
TS. 4.03 (5.54) 5.61 .07 .71 (1.06) 0.99 .07 3.75–4.50 5.17–6.25 4.04 (5.56) 5.63 .06 .49 (.73) .68 .05 3.85–4.37 5.33–6.10
p < .05 after Bonferroni correction
aEqual variances could not be assumed
bAfter applying weights to the analysis, equal variances could not be assumed
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above the ‘neutral’ category were different. Residents
used the response categories above the ‘neutral’ category
on the seven-point scale more often. Frequencies of all
response categories of the seven-point scale were lower
compared to the five-point scale.
Discussion
Main findings
This study compared the variability of residents’ ratings
of faculty’s teaching performance measured by validated
five- and seven-point response scales. Residents used the
additional response categories of the seven-point scale,
especially to differentiate between positive performances.
Seven-point scale ratings were more evenly distributed
and had a smaller ceiling effect, also when aggregated to
faculty scores. After rescaling, means and standard devi-
ations of ratings on both scales showed no substantial
differences.
Explanation of main findings
In line with our expectations [14, 16], residents used the
additional response categories of the seven-point scale.
Also, as expected [12, 13], we found no substantial dif-
ferences in means and standard deviations of aggregated
faculty scores. This indicates that, while both scales pro-
vide (almost) similar teaching performance outcomes,
the seven-point scale offers more room for residents to
differentiate between supervisors’ performance. Still,
without adjusting for non-randomised samples of resi-
dents’ ratings, means of three items were statistically dif-
ferent, although effect sizes were small.
Concerning frequency distributions, all categories of
the seven-point scale were used less frequently than
those of the five-point scale. Differences in frequencies
were most substantial for the categories ‘totally agree’
and ‘neutral’. For some items, the category ‘totally dis-
agree’ was rated less frequently on the seven-point scale
than on the five-point scale.
Hassel et al. [17] identified a higher proportion of stu-
dents as ‘above expectations’ and a smaller proportion as
‘of potential concern’ using longer response scales. In
this study, we also found a higher proportion of scores
above the ‘neutral’ category, but proportions below the
‘neutral’ category did not differ substantially. Hence, on
the seven-point scale, residents used the options ‘dis-
agree’, ‘somewhat disagree’ ‘somewhat agree’ and ‘agree’
to differentiate between performances.
Residents and faculty members might value the additional
response categories provided by the seven-point scale.
When residents feel like the response scale reflects their
perceptions more accurately, they might perceive the ques-
tionnaire as more valid and user-friendly [16, 21]. Also, res-
idents may value the opportunity to offer more nuanced
responses in follow-up discussions about teaching perform-
ance feedback. Residents and faculty members generally
discuss feedback measured by the SETQ system in facili-
tated meetings [36]. In such meetings, more response cat-
egories provide more specific directions for future
improvement, especially when discussing item-level ratings.
The need for specific performance information was previ-
ously found to be the main reason for faculty members to
discuss the feedback generated by the SETQ system [23].
Furthermore, residents rated the response category ‘to-
tally agree’ less frequently on the seven-point scale as
compared to the five-point scale, which implies a smaller
ceiling effect, contributing to the questionnaires’ ability
to measure faculty’s teaching performance improvement.
Faculty members might value the improved ability to
Table 4 Percentages for similar response categories and percentages below and above the neutral response category for the five-
and seven-point questionnaire items
Totally disagree Neutral Totally agree Below Above
Item 5 pt 7 pt 5 pt 7 pt 5 pt 7 pt 5 pt 7 pt 5 pt 7 pt
1. 1.3 .7 15.5 13.4 27.1* 18.5* 6.3 6.2 78.2 80.4
2. 1.9* .8* 15.3 13.9 26.7* 17.6* 7.4 6.1 77.3 79.9
3. 1.7* .6* 17.6* 14.0* 28.4* 19.0* 6.8 6.1 75.6* 79.9*
4. 1.5 .9 27.5* 21.8* 20.5* 12.0* 8.5 8.4 64.0* 69.8*
5. 2.0* .7* 15.5* 10.0* 29.9* 19.0* 6.3 4.9 78.2* 85.2*
6. 2.8* 1.5* 11.6* 5.9* 37.5* 31.8* 7.1 7.1 81.3* 87.0*
7. 2.3 1.3 8.0* 4.5* 48.5* 39.7* 4.7 5.2 87.3* 90.3*
8. 1.3 1.0 6.6* 3.8* 49.3 45.5 3.9 4.3 89.5 91.8
9. 1.3 .7 15.1 12.6 24.9* 16.9* 6.0 7.4 78.9 80.0
10 1.4 .9 17.0* 13.0* 25.6* 17.0* 5.7 7.0 77.3 80.0
11. 1.3* .5* 13.6* 7.2* 26.3 24.2 4.1 3.8 82.3* 88.9*
12. 1.6 .7 12.7* 7.1* 31.8 29.9 5.8 4.5 81.5* 88.3*
* Percentages of both scales differ with p < 0.05 (Bonferroni correction included)
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measure change, as they often have much work experi-
ence and room for performance improvement is rela-
tively limited [14]. Based on indicators of variance, we
expect the seven-point scale to be more sensitive to per-
formance change [14, 16, 37].
Logically, residents and faculty members might have
different evaluation preferences. Some residents may
find a five-point scale easier to use than a seven-point
scale, and faculty members could appraise the resulting
feedback as more straightforward. However, if they pre-
fer more response categories for nuanced evaluation, or
more specific feedback respectively, using a seven-point
scale seems beneficial.
Critically evaluating and choosing response scales may
improve the practice of faculty’s teaching performance
evaluation. However, the translation from feedback to
actual improvement depends on many aspects, for
example, whether faculty members discuss the provided
feedback. For effective use of feedback during these dis-
cussions, positive attitudes towards receiving feedback
are crucial [36, 38, 39]. Therefore, we agree with others
that enhancing teaching performance requires an inte-
gral approach, including measures with good psycho-
metric qualities and a culture in which it is safe to
discuss feedback openly and constructively [20, 38].
Limitations and strengths of this study
This study contributed to the limited knowledge of how
the number of response categories affects residents’ rat-
ings of faculty’s teaching performance [9, 17, 32]. Our
findings should be considered in light of some limita-
tions and strengths of this study.
First, residents were not randomly assigned to the five-
and seven-point questionnaires. Descriptive statistics
showed some differences in the characteristics of
respondents and their ratings. We cannot rule out that
sample differences influenced our results. However, a
strength of this study was the relatively large number of
teaching performance ratings from Dutch anaesthesi-
ology training programs. Besides that, we compared
(rescaled) means and standard deviations of ratings mea-
sured by both scales with a weighting score to control
for non-randomly assigned samples. Applying a weight-
ing score led to small differences in our results. These
differences invigorated our more general finding that the
means and standard deviations of ratings from both
scales did not differ substantially.
Second, the five- and seven-point questionnaires were
not entirely similar. For example, the total number of
items and their sequential order differed somewhat. Al-
though we compared identical items, we cannot rule out
the possibility of small variations in questionnaire design
affecting the observed responses [40, 41]. Still, in devel-
oping both questionnaires, we tried to comply with the
rule of general questions preceding specific questions
[41], minimalizing the effect of the number and se-
quence of items on the results in this study.
With these limitations in mind, our findings can con-
tribute to the knowledge base on choice and implica-
tions of response scales for research and practice in
teaching performance evaluation and improvement.
Implications for research and practice
More research is needed on how response scales affect
residents’ ratings of faculty’s teaching performance and
performance improvement. First, future research should
aim at replicating our results in controlled settings using
a wider variety of scale formats. Longitudinal research
designs could validate inferences about response scales’
abilities to measure residents’ perceptions and faculty’s
performance change. Additionally, longitudinal studies
with the same cohorts of residents and faculty can separ-
ate signal from noise and assess whether seven-point
scales reflect residents’ perceptions more adequately
than five-point scales. Furthermore, such designs can de-
termine response scales’ sensitivity to measure perform-
ance change over time. Second, to optimise faculty’s
teaching performance evaluation, it would be worthwhile
to investigate the effect of the number of response cat-
egories along with other scale properties on teaching
performance ratings, such as labelling of response cat-
egories [42, 43] or changing the ratio between positive
or negative response categories [44].
In addition to such response scale adjustments, re-
searchers should evaluate the experiences and prefer-
ences of respondents [15]. Research on faculty’s
experiences with feedback based on different response
scales could further clarify implications for teaching per-
formance improvement.
In terms of practice, residents and faculty members
should critically evaluate whether response scales fit
their preferences and goals. If their preference is to add
nuance and specificity to teaching performance feed-
back, seven-point scales would be preferable to five-
point scales.
Conclusions
This study showed that five- and seven-point response
scales yield similar outcomes when evaluating faculty’s
teaching performance. However, residents used the add-
itional response categories of the seven-point scale to
differentiate faculty members’ performance. Also, the
seven-point scale data were more optimally distributed.
Switching to the seven-point response scale could be of
benefit to the resulting feedback, the user-friendliness of
the evaluation tool, and the ability to measure perform-
ance change.
Debets et al. BMC Medical Education          (2020) 20:325 Page 7 of 9
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12909-020-02244-9.
Additional file 1.
Abbreviations
SETQ: System for Evaluation of Teaching Qualities; IQR: Interquartile Range;
TS: Total performance score
Acknowledgements
We thank all residents and supervisors who participated in this study. We
thank our colleagues from the Amsterdam Center for Professional
Performance and Compassionate Care for their feedback on this study.
Authors’ contributions
MD was the main contributor to the study design, data analysis, results
interpretation, and manuscript drafting. RS, BB and KL were involved in all
these steps. OA made substantial contributions to study conception, data
analysis, results interpretation, and writing and revising the manuscript. All
authors read and approved the final manuscript.
Funding
This study was co-financed by Medox.nl B.V. The funders had no role in the
study design, data collection, data analysis, data interpretation, or writing the
report.
Availability of data and materials
Data from this study are not publicly available. Inquiries about potential
research collaboration can be directed to the corresponding author.
Ethics approval and consent to participate
From participating institutions written approval for the use of anonymous
data was received. We consulted the institutional ethical review board of the
Amsterdam UMC (University Medical Center) of the University of Amsterdam
(AMC). They confirmed that the Medical Research Involving Human Subjects
Act (WMO) did not apply to this study. We received a formal written waiver
for all SETQ studies.
Consent for publication
Not applicable.
Competing interests
This study was co-financed by the provider of the online platform used to
collect teaching performance evaluations (Medox.nl B.V.).
Author details
1Amsterdam Center for Professional Performance and Compassionate Care,
Department of Medical Psychology, Amsterdam UMC, University of
Amsterdam, Meibergdreef 9, PO Box 22700, 1100, DE, Amsterdam, The
Netherlands. 2Research group Socio-Medical Sciences, Erasmus School of
Health Policy and Management, Erasmus University of Rotterdam, Rotterdam,
The Netherlands. 3Department of Epidemiology, Fielding School of Public
Health, University of California, Los Angeles (UCLA), Los Angeles, California,
USA. 4UCLA Center for Health Policy Research, Los Angeles, California, USA.
5Center for Social Statistics, UCLA, Los Angeles, California, USA. 6Department
of Statistics, UCLA, Los Angeles, California, USA.
Received: 24 July 2019 Accepted: 14 September 2020
References
1. Arah OA, Hoekstra JB, Bos AP, Lombarts KM. New tools for systematic
evaluation of teaching qualities of medical faculty: results of an ongoing
multi-center survey. PLoS One. 2011;6(10):e25983.
2. McOwen KS, Bellini LM, Shea JA. Residents’ ratings of clinical excellence and
teaching effectiveness: is there a relationship? Teach Learn Med. 2007;19(4):
372–7.
3. Sargeant J, Bruce D, Campbell CM. Practicing physicians’ needs for
assessment and feedback as part of professional development. J Contin
Educ Heal Prof. 2013;33:S54–62.
4. Fluit CR, Bolhuis S, Grol R, Laan R, Wensing M. Assessing the quality of
clinical teachers: a systematic review of content and quality of
questionnaires for assessing clinical teachers. J Gen Intern Med. 2010;25(12):
1337–45.
5. Boerebach BC, Arah OA, Busch OR, Lombarts KM. Reliable and valid tools for
measuring surgeons’ teaching performance: residents’ vs. self evaluation. J
Surg Educ. 2012;69(4):511–20.
6. Shea JA, Bellini LM. Evaluations of clinical faculty: the impact of level of
learner and time of year. Teach Learn Med. 2002;14(2):87–91.
7. Beckman TJ, Ghosh AK, Cook DA, Erwin PJ, Mandrekar JN. How reliable are
assessments of clinical teaching? A review of the published instruments. J
Gen Intern Med. 2004;19(9):971–7.
8. Beckman TJ, Cook DA, Mandrekar JN. What is the validity evidence for
assessments of clinical teaching? J Gen Intern Med. 2005;20(12):1159–64.
9. van der Meulen MW, Smirnova A, Heeneman S, oude Egbrink MG, van der
Vleuten CP, Lombarts KM. Exploring validity evidence associated with
questionnaire-based tools for assessing the professional performance of
physicians: a systematic review. Acad Med. 2019;94(9):1384–97.
10. Westen D, Rosenthal R. Quantifying construct validity: two simple measures.
J Pers Soc Psychol. 2003;84(3):608–18.
11. Cook DA, Beckman TJ. Current concepts in validity and reliability for
psychometric instruments: theory and application. Am J Med. 2006;119(2):
166. e7–e16.
12. Leung SO. A comparison of psychometric properties and normality in 4-, 5-,
6-, and 11-point Likert scales. J Soc Serv Res. 2011;37(4):412–21.
13. Dawes J. Do data characteristics change according to the number of scale
points used? An experiment using 5-point, 7-point and 10-point scales. Int J
Mark Res. 2008;50(1):61–104.
14. Boerebach BC, Arah OA, Heineman MJ, Lombarts KM. Embracing the
complexity of valid assessments of clinicians’ performance: a call for in-
depth examination of methodological and statistical contexts that affect the
measurement of change. Acad Med. 2016;91(2):215–20.
15. Preston CC, Colman AM. Optimal number of response categories in rating
scales: reliability, validity, discriminating power, and respondent preferences.
Acta Psychol. 2000;104(1):1–15.
16. Cummins RA, Gullone E. Why we should not use 5-point Likert scales: the
case for subjective quality of life measurement. In: Proceedings, second
international conference on quality of life in cities; 2000.
17. Hassell A, Bullock A, Whitehouse A, Wood L, Jones P, Wall D. Effect of rating
scales on scores given to junior doctors in multi-source feedback. Postgrad
Med J. 2012;88(1035):10–4.
18. Lombarts KM, Bucx MJ, Arah OA. Development of a system for the
evaluation of the teaching qualities of anesthesiology faculty.
Anesthesiology. 2009;111(4):709–16.
19. Lombarts KM, Ferguson A, Hollmann MW, Malling B, Arah OA. Redesign of
the system for evaluation of teaching qualities in anesthesiology residency
training (SETQ smart). Anesthesiology. 2016;125(5):1056–65.
20. Archer JC. State of the science in health professional education: effective
feedback. Med Educ. 2010;44(1):101–8.
21. Finstad K. Response interpolation and scale sensitivity: evidence against 5-
point scales. J Usability Stud. 2010;5(3):104–10.
22. Russell CJ, Bobko P. Moderated regression analysis and Likert scales: too
coarse for comfort. J Appl Psychol. 1992;77(3):336–42.
23. van Engelen TS, van der Leeuw RM, Lombarts KM. Supervisoren onder het
vergrootglas. Ned Tijdschr Geneeskd. 2016;160:D419.
24. Weijters B, Cabooter E, Schillewaert N. The effect of rating scale format on
response styles: the number of response categories and response category
labels. Int J Res Mark. 2010;27(3):236–47.
25. DeCastellarnau A. A classification of response scale characteristics that affect
data quality: a literature review. Qual Quant. 2018;52(4):1523–59.
26. Green PE, Rao VR. Rating scales and information recovery. How many scales
and response categories to use? J Mark. 1970;1:33–9.
27. Symonds PM. On the loss of reliability in ratings due to coarseness of the
scale. J Exp Psychol. 1924;7(6):456.
28. Cox EP III. The optimal number of response alternatives for a scale: a review.
J Mark Res. 1980:407–22.
29. Miller GA. The magical number seven, plus or minus two: some limits on
our capacity for processing information. Psychol Rev. 1956;63(2):81.
Debets et al. BMC Medical Education          (2020) 20:325 Page 8 of 9
30. Diefenbach MA, Weinstein ND, O'Reilly J. Scales for assessing perceptions of
health hazard susceptibility. Health Educ Res. 1993;8(2):181–92.
31. van der Leeuw RM, Lombarts KM, Heineman MJ, Arah OA. Systematic
evaluation of the teaching qualities of obstetrics and gynecology faculty:
reliability and validity of the SETQ tools. PLoS One. 2011;6(5):e19142.
32. Boerebach BC. Evaluating clinicians’ teaching performance. Perspect Med
Educ. 2015;4(5):264–7.
33. Beasley TM, Schumacker RE. Multiple regression approach to analyzing
contingency tables: post hoc and planned comparison procedures. J Exp
Educ. 1995;64(1):79–93.
34. García-pérez MA, Núñez-antón V. Cellwise residual analysis in two-way
contingency tables. Educ Psychol Meas. 2003;63(5):825–39.
35. Thompson CA, Arah OA. Selection bias modeling using observed data
augmented with imputed record-level probabilities. Ann Epidemiol. 2014;
24(10):747–53.
36. van der Leeuw RM, Slootweg IA, Heineman MJ, Lombarts KM. Explaining
how faculty members act upon residents’ feedback to improve their
teaching performance. Med Educ. 2013;47(11):1089–98.
37. Pfennings L, Cohen L, van der Ploeg H. Preconditions for sensitivity in
measuring change: visual analogue scales compared to rating scales in a
Likert format. Psychol Rep. 1995;77(2):475–80.
38. Sargeant JP, Lockyer JP, Mann KP, Holmboe EM, Silver IM, Armson HM, et al.
Facilitated reflective performance feedback: developing an evidence-
and theory-based model that builds relationship, explores reactions and
content, and coaches for performance change (R2C2). Acad Med. 2015;
90(12):1698–706.
39. Archer J, Swanwick T, Smith D, O'Keeffe C, Cater N. Developing a
multisource feedback tool for postgraduate medical educational supervisors.
Med Teach. 2013;35(2):145–54.
40. McFarland SG. Effects of question order on survey responses. Public Opin Q.
1981;45(2):208–15.
41. McColl E, Jacoby A, Thomas L, Soutter J, Bamford C, Steen N, et al. Design
and use of questionnaires: a review of best practice applicable to surveys of
health service staff and patients. Health Technol Assess. 2001;5(31):1–256.
42. Albanese M, Prucha C, Barnet JH. Labeling each response option and the
direction of the positive options impacts student course ratings. Acad Med.
1997;72(10 Suppl 1):S4–6.
43. Sedlmeier P. The role of scales in student ratings. Learn Instr. 2006;16(5):
401–15.
44. Lakin JM, Chaudhuri S. Getting more out of educational workshop evaluations:
positively packing the rating scale. Educ Res Q. 2016;40(1):51–67.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Debets et al. BMC Medical Education          (2020) 20:325 Page 9 of 9
